Methionine positions are marked in red. In Ser-TTL[Aha], these positions are occupied by Aha. The N-terminal Aha is partly cleaved off (see Figure S1 ).
Protein expression and purification.
Ser-TTL-TEV-H6[Aha] was expressed using the methionine auxotrophic E. coli strain B834(DE3) which was transformed with pQE80L-MS-TTL-TEV-H6(M83L). Cells were grown at 30 °C in New Minimal Medium 6 containing of Met (40 µM) as natural substrate until depletion at OD 600 between 0.6-0.8. Subsequently, 100 mg/L Aha was added to the medium and target protein expression was induced by addition of isopropyl β-D-1-thiogalactopyranoside (IPTG, 1 mM). Expression was performed for 4 h at 30 °C. Cells were harvested by centrifugation (4000 × g, 4 °C, 15 min), resuspended in sodium phosphate buffer (100 mM, pH 7.5) supplemented with 0.1% Triton X-100, 0.5 mg/mL lysozyme, and 1 mg/mL of DNase and RNase, and incubated for 30 min. Subsequently, cells were lysed by sonication. Lysate clearing was performed by centrifugation (15,000 rpm, 4 °C, 30 min). For purification, NaCl was added to the lysate in a final concentration of 500 mM. TTL was purified by Ni-NTA chromatography with a linear gradient of 0-500 mM imidazole. TTL containing fractions were pooled and dialyzed against sodium phosphate buffer (100 mM, pH 7.2, 100 mM NaCl). Protein concentration was determined by UV 280 absorbance and using the ε M from the software ProtParam provided by the Expasy Proteomics Server (www.expasy.ch/tools/#proteome).
Mass spectrometry of expressed proteins
MS analysis of full length proteins was performed on an LTQ-FT Ultra mass spectrometer (Thermo Scientific) coupled online to an Ultimate 3000 HPLC Instrument (Thermo Scientific). Desalting was carried out with Massprep online desalting cartridges (Waters). Briefly, proteins were loaded in 1% formic acid and eluted in a 5 min gradient from 6 to 95% acetonitrile, 1% formic acid. Spectra were acquired in full scan mode with a resolution of 200.000 at m/z 400 and afterwards deconvoluted with the software Promass (Thermo Scientific) using basic deconvolution default settings for a mass range of 25000 to 35000 Da. 
2,5-Dioxopyrrolidin-1-yl 2-(((tert-butoxycarbonyl)amino)oxy)acetate (5). 2-(((tert-
Butoxycarbonyl
2,3,4,6-Tetra-O-acetyl-1-O-but-3-ynyl-α-galactopyranoside (7).
A solution of per-acetylated β-galactose 6 (0.76 mmol, 300 mg) and 3-butyn-1-ol (1.54 mmol, 120 µl) in dry CH 2 Cl 2 was cooled down to −10 °C. TMS-OTf (3.84 mmol, 0.70 ml) was added dropwise. The reaction mixture was stirred for 2 h and poured into aq. sat. 
1-O-But-3-ynyl-α-galactopyranoside (2).
To a solution of 7 (0.42 mmol, 170 mg) in 10 ml methanol was added NaOMe (32% in MeOH, 0.40 ml) and the reaction was stirred for 6 h at room temperature. Dowex-Exchange-Resin Bio-orthogonal protein labeling Table S3 , entries 1 and 2).
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Figure S8: MALDI-ToF spectra (see Table S3 , entries 3 and 4). Table S3 , entries 5 and 6). Slight mass differences are due to a limited resolution of MALDI-MS measurements of proteins.
Protein digest
The protein digest and MS/MS analysis of protein mixture Gal-3 was performed according to the literature. 10 For the results see Table S5 . 
